Introduction
Cystic fibrosis (CF) is a genetic disease characterized by recessive autosomal transmission resulting from alterations in the CF transmembrane regulator gene located in chromosome 7 [1, 2] . These mutations cause a complex dysfunction of organs including the digestive, metabolic, reproductive and respiratory systems because the transport of ions and water in the epithelial cells becomes compromised [3] . The respiratory dysfunction appears to be the main aggravating factor, since it is the greatest cause of mortality in this population [2] This alteration leads to different degrees of clinical manifestations with modifications in the levels of pulmonary function, presenting chronic suppurative lung disease with destruction of the pulmonary parenchyma [1] . Air trapping, pulmonary hyperinsuflation and increased airway resistance may also occur, with increasing involvement of the respiratory system, altering the thoraco-abdominal balance [1, 4] .
Some studies demonstrate that hyperinsuflation combined with malnutrition, could be a predisposing factor for the development of respiratory muscle weakness and, once it is installed, increased muscle fatigue and dyspnea. In association with lack of use, hypoxemia, acidosis and electrolytic disorders may even further favor the reduction of respiratory muscle strength [5, 6] . On the other hand, chronic cough and increased ventilatory effort appear to favor increased muscle strength [4, 6] . These changes alter the chest shape, placing inspiratory muscles at a disadvantage, especially the diaphragm, diminishing the respiratory compliance, increasing energy expenditure and oxygen consumption for breathing [7] . Based on these muscle modifications, it is essential to measure the respiratory muscle strength levels by manovacuometry [1] . This method is simple and non invasive, allowing the quantification of the inspiratory and expiratory muscle function [8, 9] .
Despite the relevance of the topic and the frequent use of this method to evaluate and follow patients with CF, there does not yet appear to be a consensus regarding the results expected for respiratory muscle strength in these patients, ranging from the reduction of muscle strength levels to in-ABSTRACT: Ventilatory muscle strength in cystic fibrosis patients: a literature review. J.P. Heinzmann-Filho, P.J.C. Cauduro Marostica, M.V.F. Donadio.
The ventilatory mechanic changes that occur in cystic fibrosis (CF) patients may lead to alterations in the respiratory muscle strength levels. However, the findings regarding the strength profile in these patients are still contradictory.
Objective: To evaluate, trough a literature review, the respiratory muscle strength behavior in CF patients.
We creased strength [5, 10, 11] . This can probably be attributed to the methodological differences employed, different age groups, measuring instruments, nutritional states and distinct degrees of lung involvement [5, 6] . Thus, considering the controversial evidence about alterations of respiratory muscle strength in this population and the importance of persistent respiratory modifications present in these patients, the purpose of this study was to evaluate, trough a literature review, the behavior of respiratory muscle strength in CF patients. The compilation and analysis of the available data may help the professionals in the CF multidisciplinary team to better understand, evaluate and treat respiratory muscle strength related disorders.
Methods
The study consists of a literature review performed by researching the Medline/Pubmed, Scielo, IBECS and LILACS data bases. Cross-sectional, prospective or retrospective observational studies, as well as randomized clinical trials were selected, that had been published during the period from 1981 to 2011, in English, where the keywords were present in the title or in the abstract. The key words used were: cystic fibrosis, respiratory muscle strength, inspiratory maximal pressure and muscle training.
The inclusion criteria used were studies that evaluated the respiratory muscle strength in clinically stable patients with a confirmed diagnosis of cystic fibrosis, who expressed respiratory muscle strength values as a percentage of the predicted, Zscore or compared with a control group (healthy individuals). The studies that reported respiratory muscle strength in water centimeters (cmH 2 O), but presented the findings as compared with normality values were also included. Respiratory muscle strength was considered normal, below or above normality according to the classification by the authors themselves. In the absence of a classification, the results were analyzed and called normal or increased when most individuals had values above 80% of the predicted value. On the other hand, review studies, other measuring techniques that haven't used a manovacuometer, articles that did not evaluate respiratory strength and studies that only used respiratory muscle strength as an outcome for some type of therapeutic intervention without normalizing the data were excluded.
After selecting the articles, they were read using an instrument to systematize the analysis of methods and the main results of the studies. In this way the relevant aspects of each article were selected and written in table form to make a critical and systematic analysis of the evaluations and results contained in them.
Results
Joining the terms cystic fibrosis and respiratory muscle strength, 47 (forty-seven) articles were found, 22 (twenty-two) of which were selected. Using the terms cystic fibrosis and inspiratory maximal pressure, 27 (twenty-seven) articles were found, of which 5 (five) were selected. In the last search, using the terms cystic fibrosis and muscle training, only 1 (one) study was selected. Figure 1 shows the systematization of the article search. Analysis of the studies that evaluated respiratory muscle strength in CF patients showed that the values of maximal inspiratory and expiratory pressures may be normal, increased or decreased. Most studies, 20 articles (71.24%) showed normal or above normal respiratory muscle strength values, while 8 (28.57%) of the studies indicated decreased or close to normal values. The summary of the selected studies is shown in table 1.
Discussion
The findings of normal or above normal respiratory muscle strength are often attributed to increased ventilatory work [5] , due to airway obstruction [4, 10, 12] and persistent chronic cough [6] , which is common as the disease progresses in CF patients. On the other hand, studies that report decreased respiratory muscle strength generally relate it to several factors including: pulmonary hyperinsuflation [13] , alterations in the diaphragm mechanics [14] , malnutrition [7] , severity of pulmonary disease [15, 16] , advanced chronological age [17, 18] , and lack of use [5] . In general, the association of these factors may contribute to the development of muscle fatigue, making it easier for dyspnea to occur, increasing energy consumption and the onset of a state of respiratory failure.
When we performed an analysis separating the articles selected according to age group of the sample studied, 7 (25%) evaluated respiratory muscle strength in children and adolescents up to the age of 18 years. Four (57.14%) of these showed reduced strength or close to normal [19] [20] [21] [22] , and 3 (42.85%) had normal or increased values [18, 23, 24] . On the other hand, when we analyzed the studies in adults (from 18 years of age), there was again a predominance of normal respiratory muscle strength, and 9 (90%) out of a total of 10 studies showed normal or above normal values [5-7, 12, 25-29] while only 1 (10%) reported decreased values [30] . The other studies (39.28%) were not included in the analysis by age group because they did not analyze individuals of different ages separately, showing children and adults together [1, 4, 11, 13, 15-17, 24, 31-33] . This separate analysis of data according to age group appears to indicate that the age factor is not the main aspect related to decreased respiratory muscle strength, considering that reduction of the latter appear to be more closely related to the pediatric age group. This may be due to diminished capacity to perform the maneuvers among the children, which could underestimate the respiratory pressure values and, consequently, determine a reduction in the levels of respiratory muscle strength measured. Another point that should be analyzed is the use of possibly inappropriate reference values, since the fact that equations from other places are often being used, may influence the outcomes of respiratory muscle strength. In a review of standards performed in 1991, the American Thoracic Society (ATS) recommends generating reference values of spirometric parameters for each region or site, in order to demonstrate the reality of each population [34] . Thus, it is possible that the respiratory muscle strength values could also be influenced by these population differences, including ethnic and structural aspects that could be distinct and influence the normalization of results. Besides, pulmonary hyperinsuflation is still pointed out by different authors, as one of the main factors related to the reduction of respiratory muscle strength [16, 17] . Studies on normal individuals report that the aging process is associated with a reduction of accessory muscle and diaphragm trophism, and that the age factor can contribute to the decline of maximal static respiratory pressures [9, 35] . However, this does not appear to occur in CF individuals, in whom the factors discussed above and the possibility of self muscle training as a consequence of the pulmonary alterations appears to exert a greater effect on the respiratory muscle strength than aging itself.
Besides these differences and the difficult discernment of the factors that could interfere in the respiratory muscle strength levels, other aspects could also help explain the contradictory findings, such as: the different methodologies used, differences in the subjects' ages, level of pulmonary compromise and variability during maneuvers [5, 13, 14, 36] . Several studies reported that subject variability may be around 7-10%, and that these alterations could be related to the different verbal, motivational stimuli, both by the technician and by the patient himself, the number of evaluators and the differences in the measuring techniques [8, [36] [37] [38] . There is also great variability in the number of maneuvers performed in the studies, ranging from a minimum of three maneuvers to a maximum of ten repetitions [1, 6, 13, 16, 30, 31] . However, it is known that the more repetitions are performed, the greater will be the effects of learning and the higher the values that can be obtained, justifying the recommendation that measurements be performed in up to five maneuvers [39] . These factors, when associated with a small sample size, may make it difficult to perform a more homogeneous comparison, and often modify the results of maximal static respiratory pressures.
In summary, analysis of the studies selected showed diverging findings in relation to the behavior of respiratory muscle strength in patients with CF. However, most studies appear to indicate that the individuals with CF studied presented normal or above expected maximal respiratory pressure values. These findings were mostly attributed to increased work and ventilatory demand, especially as a consequence of the chronic obstructive disease and persistent cough. Although there is evidence regarding factors that could modify the outcomes of respiratory muscle strength, the mechanisms that influence their behavior have not yet been fully explained. Factors such as age, compromised pulmonary function and hyperinflation still need further study in this population. Likewise, studies that evaluate not only muscle strength but also a more global view of the respiratory muscle function, including aspects of endurance, for instance, are still needed. 
